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Effects of Commercial Nitrilase Hydrolysis on Acrylic Fabrics
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Abstract : This study aims to evaluate the hydrolytic activity of a commercial nitrilase and optimize nitrilase treatment
conditions to apply eco-friendly finishing on acrylic fabrics. To assess the possibility of hydrolyzing nitrile bonds in acrylic
fabric using a commercial nitrilase, the amounts of hydrolysis products, ammonia and carboxylate ions, were measured.
The treatment conditions were optimized via the amount of ammonia. The formation of carboxylate ions on the fabric sur-
face was detected by X-ray photoelectron spectroscopy and wettability measurements. After nitrilase treatment, ammonia
was detected in the treatment liquid; thus, nitrilase hydrolyzed the nitrile bonds in acrylic woven fabric. The largest
amount of ammonia was released into the treatment liquid under the following conditions: pH 8.0, 40°C, and a treatment
time of 5 h. The formation of carboxylate ions on the acrylic woven fabric surface by nitrilase hydrolysis was proven by
the increased O1s content measuring of XPS analysis. From comparison of the results of nitrilase and alkaline hydrolysis,
the white index and strength of the alkali-hydrolyzed acrylic fabric decreased, whereas those of the nitrilase-hydrolyzed
samples were maintained. The nitrilase hydrolysis improved the sensitivity of acrylic fabrics to basic dye similarly to alka-
line hydrolysis without the drawbacks of yellowing and decreased strength caused by alkaline hydrolysis.
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1. Introduction

Surface modification is considered to be a valuable tool for

improving the quality of fibers (Battistel et al., 2001). Conventional

methods for modifying synthetic polymers, acrylic fibers, use

strong chemicals at high temperatures. By the alkaline hydrolysis

(e.g., NaOH), the nitrile groups (-CN-) in acrylic fibers converted

into carboxylate ions (COONa) on fabrics and ammonia (NH4OH),

thus on the surface of fabrics carboxylate ionic groups were formed

(Battistel et al., 2001; Bornscheuer & Kazlauskas, 2005; Gübitz &

Cavaco-Paulo, 2003; Kobayashi & Shimizu, 2000; Matamá, et al.,

2007).

Acrylic fibers hydrolyzed respect to the environmental impact,

however, biotechnologies, such as enzymatic catalysis–based tech-

niques, are required to modify acrylic fibers with a reduced need

for harsh chemicals (Battistel et al., 2001). There are two different

pathways for the enzymatic modification of polyacrylonitrile

(acrylic) fibers: One method uses nitrile hydratases (NHase, EC

4.2.1.84; lyase), and the other uses nitrilases (EC 3.5.5.1) (Babu et

al., 2011; Bornscheuer & Kazlauskas, 2005; Kobayashi & Shi-

mizu, 2000). NHase hydrolysis involves two enzymes: NHase,

which catalyzes the hydrolysis of a nitrile to an amide and amidase

(EC 3.5.1.4), which sequentially converts the amide to carboxylate

ions and ammonia (Battistel et al., 2001; Kobayashi & Shimizu,

2000; Tauber et al., 2000). In the other pathway, nitrilase (EC

3.5.5.1) directly hydrolyzes the nitrile to produce ammonia and the

corresponding carboxylate ions on the fabric surface. 

Only a few studies have investigated the effects of nitrilase

hydrolysis on acrylic fibers (Fischer-Colbrie et al., 2007; Matamá

et al., 2007). Fisher-Colbrie et al. (2007) was provided limited data

on the effects of nitrilase cultured in vitro on acrylic fibers or pow-

der. Even though commercial nitrilase and fabrics have been used

as experimental specimens in the study by Matamá et al. (2007),

the optimized conditions have not been elucidated. In order to

apply nitrilase hydrolysis for acrylic fabric-finishing processes, the

optimum nitrilase conditions should be determined to facilitate eco-

friendly finishing in the acrylic fabric industry. Moreover, no study

to date has compared whether nitrilase hydrolysis has similar reac-

tivity or drawbacks as alkaline hydrolysis. 

Therefore, this study aims to evaluate the effects of commercial

nitrilase on acrylic woven fabrics to further environmentally

friendly finishing. To achieve this goal, the following are neces-

sary: (1) Use of a commercial nitrilase, (2) determination of the

optimum treatment conditions using a commercial nitrilase, and (3)

comparison of the effects of nitrilase and alkaline hydrolysis on the

properties of the fabrics. If commercial nitrilase can hydrolyze

acrylic fabrics, the carboxylate ions (COO−) can be formed on fab-
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ric surfaces and ammonia (NH4
+) is going to be produced as hydro-

lysis products in treatment liquid. Thus, the present study aims to

optimize the commercial nitrilase hydrolysis conditions by mea-

suring the production of ammonia, which is a hydrolysis product.

In addition, the formation of carboxylate ions on the surfaces of the

acrylic woven fabrics by nitrilase is evaluated by X-ray photoelec-

tron spectroscopy and wettability measurements. In order to eval-

uate whether nitrilase hydrolysis has similar reactivity or

drawbacks with alkaline hydrolysis, the fabric properties, i.e., sen-

sitivity to basic dye, whiteness, strength, and weight loss, after

alkaline and nitrilase hydrolysis are compared. 

2. Experimental

2.1. Materials

All experiments were conducted using acrylic woven fabric

(Table 1). All fabric samples were washed with 2 g/L Triton X-100

at 50°C for 30 min, and then rinsed with water at 50°C for 30 min

to desize. Commercially available nitrilase was used without fur-

ther purification (Table 2). The following chemicals were used

without further purification: sodium phosphate (pKa 7.2, Sigma

Chemical Co., USA), Triton X-100 (nonionic surfactant; Sigma

Chemicals Co., USA), sodium carbonate (Duksan Pure Chemicals,

Korea), sodium hydroxide (Duksan Pure Chemicals, Korea), acetic

acid (Duksan Pure Chemicals, Korea), rochelle salt (aqueous solu-

tion: 50% potassium sodium tartrate tetrahydrate, Sigma Chemical

Co., USA), Nessler reagent (Sigma Chemical Co., USA), ammo-

nium chloride (NH4Cl, Duksan Pure Chemicals, Korea), and basic

dye (methylene blue, C.I. basic blue 9, Duksan Pure Chemicals,

Korea).

2.2. Enzymatic hydrolysis 

Fig. 1 shows a schematic of the nitrilase hydrolysis reaction per-

formed to optimize the treatment conditions; different pH values,

temperatures, and treatment times on acrylic woven fabrics were

investigated. 

2.3. Optimization of treatment conditions by evaluating

nitrilase hydrolytic activity 

Ammonia estimation is a practical method for determining

nitrilase activity (Banerjee et al., 2003). The amount of ammonia

released into the treatment liquid was quantified using the Nessler

method (Matamá et al., 2007). The Nessler method performed as

the following steps (Fischer-Colbrie et al., 2007; Matamá et al.,

2007): After nitrilase hydrolysis, 0.5 mL of the treatment liquid

was diluted with 4.5 mL distilled water in glass tubes, and 10 μL of

Rochelle salt solution was added to the mixture. After mixing well,

2 mL of Nessler’s reagent was added to each tube. The color was

allowed to develop for 10 min and the absorbance was recorded at

390 nm using a UV-vis spectrometer (S-3100; Scinco Co., Korea).

A calibration curve, constructed by using a standard solution of

ammonium chloride. 

2.4. The effects of nitrilase hydrolysis on the fabric

When nitrilase hydrolyzes nitrile bonds, corresponding carbox-

ylate ions groups form on the fabric surfaces. Fabric surface anal-

ysis after nitrilase hydrolysis was carried out using X-ray

Table 1. Fabric characteristics

Fiber (%) Weave
Fabric count

(yarns/inch)

Weight

(g/m
2
)

Weight

(g/m
2
)

Acrylic 100 Plain 88×80 110 0.273 

Table 2. Enzyme characteristics 

Enzymes Source Activity Manufacturer 

Nitrilase

(EC 3.5.5.1)

Recombinant, 

expressed in 

E. coli

≥2.0U/mg 
Sigma Chemicals 

Co. USA

Fig. 1. The nitrilase treatment process on acrylic fabric.



Effects of Commercial Nitrilase Hydrolysis on Acrylic Fabrics 891

photoelectron spectroscopy (XPS). The XPS signal is specific to a

polymer surface, as the signals result from a combination of inter-

actions with surfaces and layers immediately underneath (Babu et

al., 2011; Tauber et al., 2000). Changes in acrylic fabric surface by

nitrilase hydrolysis was analyzed with an AXIS Nova-XRF (WD)

(Kratos Analytical Co., UK). 

The change of wettability of the nitrilase-treated acrylic fabric

was evaluated through its water absorbency and water contact

angle (WCA). The test of water absorbency was evaluated accord-

ing to AATCC 79-1992. The WCA value was determined using a

contact-angle measurement system (KRÜSS DSA 100; KRÜSS

Inc., Germany). The sample was dosed with 3 µL of water in each

test, and the results of each test were obtained from the first value

after dosing. Each test was conducted ten times.

2.5. Comparison of nitrilase and alkaline hydrolysis 

Alkaline-treated samples were prepared to compare the proper-

ties of nitrilase- and alkaline-treated acrylic fabrics. Alkaline

hydrolysis of acrylic fabrics was performed using sodium hydrox-

ide (NaOH). The treatment method was modified from those of

other researchers (Gupta et al., 2004; Kim et al., 2002). The acrylic

fabrics were hydrolyzed as follows: 1N NaOH at a liquor ratio of

100:1 (NaOH solution/fabric) at 90°C for 3h. After alkaline hydro-

lysis, neutralization was performed using acetic acid. The acrylic

fabrics were then washed with 2 g/L acetic acid solution at a liquor

ratio of 100:1 (acetic acid solution/fabric) at 60°C for 30 min. The

samples were rinsed thoroughly using tap water and dried at room

temperature. 

Nitrilase- and alkaline-hydrolysis in acrylic fabrics were com-

pared by the sensitivity to basic dye, whiteness, weight loss, and

tensile strength. The measurement of sensitivity to basic dye was

simple way to detect the change of the amount of carboxylate ions

on the surface of acrylics (Babu et al., 2011; Gupta et al., 2004;

Kim et al., 2002). Acrylic fabrics was stained at 80°C for 60 min

with basic dye (0.5% owf, C.I. basic blue 9) at a liquor ratio of

50:1. The pH of the basic dye solution (without pH adjustment)

was around 7.0. After staining, the samples were washed with Tri-

ton X-100 (2% owf) at 50°C and then rinsed with tap water. The

sensitivity to basic dye was evaluated by UV-vis spectrophotom-

eter. The absorbance (ABS) of the staining liquid at 670 nm was

recorded before and after staining using a UV-vis spectrophotom-

eter. Each test was conducted five times. The sensitivity was cal-

culated using the following equation: 

Sensitivity to basic dye (%) 

= × 100 (1)

Where ABSbefore staining and ABSafter staining are the absorbance

at 670 nm of the dye solution before and after the dyeing

process, respectively. 

The white index was measured using a computational color

matching system (JX-777, Japan). The white index was calculated

as follows: 

WI(Lab) = 100−[(100−L)2+a2+b2]1/2 (2)

The tensile strength was determined by the strip method in

accordance with KS K 0521. The tensile strength loss was calcu-

lated using the following equation: 

Tensile strength loss (%) = × 100  (3)

S1 : Tensile strength of untreated fabric

S2 : Tensile strength of treated fabric

The weight loss was evaluated from the dry weight of the fabric

before and after alkaline or nitrilase hydrolysis. 

For the statistical comparison between nitrilase and alkaline

hydrolysis, the SPSS 20 software package was utilized. Statistically

significant factors of the sensitivity to basic dye, whiteness, and

tensile strengths were determined by analysis of variance (one-way

ANOVA). Multiple comparison tests using the Duncan test were

conducted as post hoc tests. The factors were considered as sig-

nificant at p values of less than 0.05. 

Changes in the surface of the acrylic fabrics were analyzed by

scanning electron microscopy (SEM, S-3500N, Hitachi, Japan)

after plating the samples with platinum. 

3. Results & Discussion

3.1. Optimization of treatment conditions via nitrilase

hydrolytic activity 

When nitrilase hydrolyzes nitriles in acrylic fabric, ammonia is

released into the treatment liquid and carboxylate ions are formed

on the fabric surface. Fig. 2 shows the effects of treatment time on

the amount of ammonia released into the treatment liquid. The

acrylic fabrics were hydrolyzed for 1~12 h with nitrilase (10%

owf) at pH 8.0 and 40°C. Hydrolysis of acrylic for 1 h resulted in a

negligible amount of released ammonia. As the treatment time

increased, the amount of ammonia increased gradually. The great-

est amount of ammonia was obtained after 5 h of treatment time.

The increase in the amount of ammonia released into the treatment

liquid after nitrilase hydrolysis confirmed that nitrilase hydrolyzed

the nitrile bonds in the acrylic fabrics (Matamá et al., 2007). The

nitrilase from E. coli in this study hydrolyzed nitrile bonds in

ABSbefore staining ABSafter staining–

ABSbefore staining

--------------------------------------------------------------------------

S1 S2–
S1

-------------------
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acrylic fabrics within a shorter time period compared the treatment

time of 8h in other study by Matamá et al. (2007). When nitrilase

hydrolysis was performed above 5 hr, the amount of ammonia

released into the liquid was decreased because a longer treatment

time results in denaturation of the enzymes or aggregation of

enzyme molecules (Gübitz & Cavaco-Paulo, 2003; Kim & Song,

2010).

Fig. 3 shows the effects of pH and temperature on nitrilase

hydrolytic activity. When the acrylic fabrics were treated at 40°C, a

significant increase was observed in the amount of ammonia

released as compared with the results at either 30°C or 50°C. When

the acrylic fabrics were treated at 50°C, the hydrolytic activity of

nitrilase was lower than that observed under the other conditions.

The optimum temperatures of most nitrilases range from 30°C to

55°C (Gong et al., 2012), and the nitrilase in the present study effi-

ciently hydrolyzed acrylic fabrics at 40°C. Moreover, for alkaline

hydrolysis, the acrylic fabrics were treated at relatively high tem-

peratures (~80–95°C). Nitrilase hydrolysis, however, was per-

formed at relatively mild conditions including a low temperature

(40°C) and pH value (8.0). 

On the basis of the amount of ammonia released into the treat-

ment liquid by nitrilase hydrolysis, the optimum conditions were

determined to be pH 8.0 at 40°C for a treatment time of 5h. 

3.2. Effects of nitrilase hydrolysis on the fabric surfaces

To evaluate the change in the fabric surface by nitrilase hydro-

lysis, XPS spectra of untreated (a) and nitrilase-treated (b) acrylic

fabrics were compared (Fig. 4 and Table 3). The oxygen peak of

the treated sample is more intense than that of the untreated sample.

The details of the XPS peak corresponding to the carbon atom

(C1s) are shown in Fig. 4. The carbon peak of the nitrilase-treated

sample is less intense than that of the untreated sample. The C1s

peak also broadened from 281 to 288 eV, indicating that nitrogen

was involved in the formation of chemical bonds with carbon in

Fig. 2. Effects of treatment time on the hydrolytic activity of nitrilase.

Treatment conditions: 10% (owf) nitrilase, pH 8.0, 40°C. 

Fig. 3. Effects of pH and temperature on the hydrolytic activity of

nitrilase. Treatment conditions: 10% (owf) nitrilase, 5-h treatment time.

Fig. 4. XPS spectra of untreated (a) and nitrilase-treated (b) acrylic

fabrics.
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three possible chemical states, i.e., C–N, C=N, and C≡N bonds

(Majumdar et al., 2012). The differences between the C–N and

C≡N bonds are not clear from analysis of the C1s XPS spectra

because of the wide spectral ranges (Blyth et al., 2000; Majumdar

et al., 2012; Wang et al., 2004). The content of C1s of the acrylic

fabric decreased after nitrilase treatment (Table 3). Thus, we

attributed the C1s peak (281.9 eV) to the nitrile group (C≡N) in

acrylic. Because nitrilase hydrolyzed the CN groups, the C–O and

C=O components of the acrylic fabric increased accordingly. Thus,

the O1s content increased because of the conversion of the nitrile

bonds, as shown in Table 3. The insignificant variation of the nitro-

gen content was caused by the formation of amides as a side-prod-

uct of nitrilase hydrolysis. The amount of amide varied with the

structures of nitrile and nitrilase (Bornscheuer & Kazlauskas,

2005). 

The newly generated carboxylate ions on the fabric surface

influenced the wettability of the fabrics (Battistel, 2001; Kim &

Song, 2010; Wang et al., 2004). Fig. 5 shows the values of WCA

and water absorbency time of the fabrics after treatment under var-

ious conditions. The WCA value and water absorbency time of

nitrilase-treated acrylic fabrics were lower than those of the

untreated and buffer-treated samples. The presence of the hydro-

philic ionic groups, i.e., carboxylate ions, as proven via XPS,

decreased the WCA value and water absorbency time. Therefore,

the acrylic fabric surface became less hydrophobic with improved

wettability. 

3.3. Comparison of nitrilase and alkaline hydrolysis

Alkaline hydrolysis is a conventional process to hydrolysis of

acrylic fabrics. By the alkaline hydrolysis, the nitrile groups in

acrylic fibers converted into carboxylate ions on fabrics and ammo-

nia (Fig. 6).

From the XPS and wettability measurement, the nitrilase hydro-

lysis was proved to form the carboxylate ionic groups on acrylic

fabrics’ surfaces. In order to compare the nitrilase hydrolysis with

an alkaline hydrolysis, the reactivity of carboxylate ionic groups

formed on fiber surfaces was compared by the sensitivity of basic

dye. The measurement of sensitivity to basic dye was simple way

to detect the change of the amount of carboxylate ions on the sur-

face of acrylics (Babu et al., 2011; Gupta et al., 2004; Kim et al.,

2002).

Fig. 7 shows the sensitivity of the fabric to basic dye after treat-

ments under various conditions. The sensitivity of acrylic fabrics to

basic dye increased after both nitrilase and alkaline hydrolysis

because carboxylate ions were formed on the surface of acrylic fab-

rics upon nitrilase or alkaline hydrolysis (Fischer-Colbrie et al.,

2007; Gupta et al., 2004; Kim et al., 2002; Matamá, et al., 2007).

Table 3. Atomic concentration on acrylic fabric surface by nitrilase

treatment, as determined by XPS analysis

Sample Element
Peak position

(eV)

Atomic 

concentration (%)

Untreated

C 1s 281.90 79.69

N 1s 396.55 5.56

O 1s 529.05 10.06

Nitrilase-treated

C 1s 281.85 71.51

N 1s 396.70 5.23

O 1s 529.05 16.34

Fig. 5. WCA (a) and water absorbency (b) of acrylic fabrics after various treatment conditions. Buffer: buffer treatment at pH 8.0, 40°C, 5-h treatment

time; Nitrilase: nitrilase treatment at 10% (owf) nitrilase, pH 8.0, 40°C, 5-h treatment time. 

Fig. 6. Schematics of alkaline hydrolysis on acrylic fibers. 
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To determine whether the influence of the treatment conditions

had statistical significance, the sensitivity to basic dye was ana-

lyzed using SPSS. According to the Duncan analysis, the sensi-

tivity to basic dye could be divided into the following two groups:

(1) Untreated and buffer-treated samples and (2) nitrilase- and alka-

line-treated samples. ANOVA of the sensitivity to basic dye was

confirmed by the significance levels; in particular, F=88.618 and p

=.000 at 95%. Thus, ANOVA demonstrated that nitrilase and alka-

line hydrolysis had a statistically significant influence on the

increase in sensitivity of the acrylic fabrics to basic dye. Moreover,

the effects of nitrilase and alkaline hydrolysis were not significantly

different. The nitrilase hydrolysis was proved to increase the sen-

sitivity of the fabric to basic dye similarly to alkaline hydrolysis.

The drawbacks of alkaline hydrolysis of acrylics include yel-

lowing and strength reduction. In Fig. 8, the whiteness of both alka-

line- and nitrilase-treated acrylic fabrics are compared. The

whiteness of the nitrilase-treated sample did not change relative to

the whiteness of the untreated sample. However, the whiteness of

the alkaline-treated acrylic fabrics decreased. ANOVA of the

whiteness confirmed the significance levels; in particular, F=

1879.901 and p=.000 at 95%. The Duncan analysis indicated that

the fabrics could be divided into the following two groups based on

the whiteness: (1) Untreated, buffer-treated, and nitrilase-treated

samples and (2) alkaline-treated samples. Thus, ANOVA and Dun-

can analyses demonstrated that alkaline hydrolysis significantly

decreased the whiteness and the nitrilase-treated acrylic fabric had

a whiteness similar to that of the untreated sample. 

Fig. 9 shows the weight loss and tensile strength loss of the fab-

rics after treatments under various conditions. The tensile strength

of the nitrilase-treated acrylic fabrics remained unchanged after

Fig. 7. Sensitivity of acrylic fabrics to basic dye after various treatment

conditions. Buffer: buffer treatment at pH 8.0, 40°C, 5-h treatment time;

nitrilase: Nitrilase treatment at 10% (owf) nitrile, pH 8.0, 40°C, 5-h

treatment time. Alkali: alkaline treatment with 1N NaOH, 90°C, 3-h

treatment time. 

Fig. 8. White index of acrylic fabrics after various treatment conditions.

Buffer: buffer treatment at pH 8.0, 40°C, 5-h treatment time; Nitrilase:

nitrilase treatment at nitrile 10% (owf), pH 8.0, 40°C, 5-h treatment

time. Alkali: alkaline treatment with 1N NaOH, 90°C, 3-h treatment

time. 

Fig. 9. Weight loss (a) and tensile strength loss (b) of acrylic fabrics after various treatment conditions. Buffer: buffer treatment at pH 8.0, 40°C, 5-

h treatment time; Nitrilase: nitrilase treatment at 10% (owf) nitrile, pH 8.0, 40°C, 5-h treatment time. Alkali: alkaline treatment with 1N NaOH, 90°C,

3-h treatment time. 



Effects of Commercial Nitrilase Hydrolysis on Acrylic Fabrics 895

nitrilase hydrolysis. Additionally, the weight loss caused by

nitrilase treatment was only approximately 0.48%. The major

advantage of enzymatic modifications of a synthetic fiber over

chemical modifications is the highly specific, non-destructive

transformation of the targeted surfaces (Gübitz & Cavaco-Paulo,

2003). Thus, nitrilase hydrolysis is the preferred method for mod-

ifying the surfaces of synthetic fibers, and the tensile strength of the

fabric was maintained after the treatment. However, the strength

loss of the alkaline-hydrolyzed acrylic fabrics was presented

approximately 35% compared with that of the untreated fabric.

Fig. 10 shows the surface morphology of acrylic fabrics after

various treatment conditions. In the SEM micrographs, the

untreated and nitrilase-treated acrylic fabrics do not show any dif-

ference. Thus, nitrilase hydrolysis influenced the conversion of

nitriles into carboxylate ions and ammonia on the fiber surfaces

without causing any mechanical change. However, with alkaline

hydrolysis, the surface roughness was more pronounced. The fiber

surfaces peeled off partly and formed fibrils. 

Therefore, it was proven that nitrilase hydrolysis improved the

sensitivity of acrylic fabrics to basic dye similarly to alkaline

hydrolysis without the drawbacks of yellowing and decreased

strength caused by alkaline hydrolysis. Thus, the nitrilase treatment

of acrylic fabrics could be used as a substitute for alkaline hydro-

lysis. The nitrilase treatment is also advantageous because it can be

performed under conditions milder than those used in alkaline

hydrolysis.

4. Conclusion

This study determined the optimum conditions for the hydrolysis

of acrylic woven fabrics using a commercial nitrilase. To optimize

the nitrilase hydrolysis conditions, the hydrolytic activity of

nitrilase was evaluated from the amount of ammonia released into

the treatment liquid. The hydrophilic ionic groups formed on the

surface of the acrylic fabric were evaluated by XPS, as well as

WCA and water absorption time. The sensitivities to basic dye,

whiteness, strengths, and weight losses of nitrilase- and alkaline-

hydrolyzed fabrics were compared. 

On the basis of the amount of ammonia released into the treat-

ment liquid by nitrilase hydrolysis, the optimum conditions were

determined to be pH 8.0 at 40°C for a treatment time of 5 h. The

XPS analysis indicated the amounts of elements affected by

nitrilase hydrolysis. The carbon content of the nitrilase-treated sam-

ples decreased slightly in response to the increase in the oxygen

content. These results indicate that the nitrile groups were con-

verted into carboxylate ions. The surface of the acrylic fabric

became less hydrophobic after nitrilase hydrolysis and the wetta-

bility improved. 

The nitrilase hydrolysis improved the sensitivity of acrylic fab-

rics to basic dye similarly to alkaline hydrolysis without the draw-

backs of yellowing and decreased strength caused by alkaline

hydrolysis. Therefore, the present study proved the possibility of

substituting alkaline hydrolysis with enzymatic hydrolysis on

acrylic woven fabrics using a commercial nitrilase. 
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